Abstract. In this study, we evaluated the effect of transforming growth factor β3 intron 5 position +104 A➝G (TGF-β3 IVS5+104AG) transition in patients with a non-syndromic cleft lip with or without cleft palate (NSCL/P). A total of 68 patients and 114 controls were recruited for the study. A genotyping procedure was carried out using the PCR-RFLP method. For statistical analysis, the Chi-square test was used to compare data between the patient and control groups. The frequencies of the AA, AG and GG genotypes were 24, 29 and 47%, respectively, for the patients and 54, 36 and 10%, respectively, for the control group. The GG genotype and G allele were significantly different in the patient group compared with the control (p=0.0001). We conclude that SfaN1 polymorphism in TGF-β3 may be a good screening marker for the prediction of NSCL/P in patients. However, more studies with extended sample numbers should be carried out to clarify the effect of the examined gene region on
Introduction
Non-syndromic cleft lip with or without cleft palate (NSCL/P) is one of the most common congenital malformations worldwide and has a prevalence of 1/700 live births (1) . NSCL/P is so-called since individuals with the condition do not exhibit any other anomalies, and it is caused by environmental factors and multiple genes that interact with the environmental factors or with each other. Therefore, this condition is accepted to be multi-factorial (2) . The exact etiology of the condition is unknown. There are several genes or gene fragments associated with NSCL/P, however, the results are conflicting when examined in different populations. It is difficult to associate the condition with a single gene having a clearly defined relationship due to its multi-factorial nature.
Animal studies provide a variety of information concerning the functions of candidate genes in the pathogenesis of congenital anomalies. Previous findings showed that signaling pathways including the transforming growth factor β (TGF-β3) are significant in palate development (3) . Clefting anomalies arise from dysregulation of the shelf elevation, attachment and fusion of mesenchymal and epithelial cells. During shelf elevation, TGF-β3 regulates the proliferation of mesenchymal cells and changes in the extracellular matrix, and also regulates the shelf attachment of the epithelium by cell differentiation. During the fusion process, TGF-β3 regulates epithelium-mesenchymal transformation (3). Homozygous TGF-β3-null transgenic mice exhibited cleft palate (4) and when mutation analyses of this gene were extended to clefting in humans, the results of these studies indicated the involvement of the TGF-β3 gene in clefting (5) .
Recently, Sato et al reported an association between TGF-β3 and cleft lip and palate in the Japanese population (6) . Polymorphisms in exons 2 and 5 of the TGF-β3 gene are reportedly associated with cleft palate (7). Kim et al examined the TGF-β3 gene in Korean NSCL/P patients and controls and identified statistically significant differences in intron 5 of the gene, which they concluded to be a good marker for NSCL/P screening (8) . CA nucleotide repeats that are specific to the TGF-β3 gene were examined in the Indian population and a significant difference was observed between the NSCL/P and control groups (9) . The same CA repeats in the TGF-β3 gene were analyzed in the Chinese population and researchers suggested the gene as an important genetic risk factor in Chinese children (10 (12) . Previous studies have shown that there are variations in the TGF-β3 gene and differences in study protocols in various populations (7, (9) (10) (11) . More extended studies in different populations are required to understand the exact role of the TGF-β3 gene in NSCL/P. At present, there is little epidemiological genetic information concerning cleft-related genes in the Turkish population. In this study, we assessed the association between the TGF-β3 IVS5+104AG variation and NSCL/P in Turkish patients.
Patients and methods

Subjects.
A total of 68 NSCL/P patients with Turkish ancestry were enrolled in this study. Information concerning the patients and their parents was obtained during their first visits to Marmara University, Faculty of Dentistry and Sisli Etfal Education and Research Hospital. A total of 114 healthy subjects without any genetically transmitted disease in their families and first-degree relatives were recruited as a control group for the study. The patients were examined for clefting status and any other anomaly that may be a criterion for any other syndrome. The study procedure was in accordance with the principles of the Declaration of Helsinki II and all subjects provided written informed consent prior to enrollment.
DNA sample collection. DNA was isolated from 2 ml peripheral blood using the High Pure PCR Template Preparation kit (Roche Diagnostics, Mannheim, Germany) and from buccal cells using the Quick Extract DNA Extraction solution (Epicentre, Madison, WI, USA) from those individuals from whom blood samples could not be obtained. In the two procedures, the instructions of the manufacturers were followed.
TGF-β3 genotyping. Determination of the TGF-β3 gene IVS5+104A➝G transition was completed as previously reported (8), with small modifications. Briefly, sense primer 5'-GAGCAGGAGATTGTCACTTTC-3' and antisense primer 5'-TGACCAAGCATCTCCAATC-3' were used. PCR reactions were carried out in a volume of 50 µl containing 5 µl genomic DNA, 5 µl 10X Taq buffer, 3 µl 25 mM MgCl 2 , 1 µl, 0.2 mM dNTP, 2 µl, 1 µM primers and 0.5 µl, 2 units Taq polymerase (Fermentas, Vilnius, Lithuania). The reaction was completed over 34 cycles and comprised predenaturation at 94˚C for 5 min, denaturation at 94˚C for 45 sec, annealing at 51˚C for 20 sec, extension at 72˚C for 45 sec and a final extension at 72˚C for 7 min. In order to determine the allelic types, SfaN1 digestion was carried out. For the AA genotype, the amplicon was digested to form a 506-bp fragment; for the GG genotype, the amplicon was digested into 331-and 194-bp fragments whereas the heterozygous AG genotype gave rise to three bands, of 506, 331 and 194 bp.
Statisical analysis. Statistical analysis was performed using SPSS for Windows version 20.0 (SPSS inc., Chicago, IL, USA). The significance in the statistical analyses between the patient and control groups was assessed using the Chi-square test. p<0.05 was considered to represent a statistically significant result.
Results
A total of 68 patients and 114 controls were genotyped in the present study. In the patient group, 16 patients had the AA genotype, 20 the AG genotype and 32 the GG genotype for the examined polymorphism. The respective frequencies of the AA, AG and GG genotypes of the patients were 24, 29 and 47%. In the control group, 62 individuals had the AA genotype, 36 the AG genotype and 11 the GG genotype. The frequencies of the AA, AG and GG genotypes were 54, 36 and 10%, respectively. The GG genotype was statistically associated with the anomaly compared with the controls (p=0.0001). When the AA genotype was used as the reference group, the G allele frequency was statistically higher in the patient group than in the controls (p=0.0001). All genotype and allele numbers and frequencies are summarized in Table I .
Discussion
The TGF-β3 gene, located at 14q24, encodes a member of the TGF-β super family of proteins. These proteins have variety of functions, including cell differentiation, proliferation, motility, apoptosis and homeostasis (13) . Palatogenesis involves palatal shelf formation, growth and elevation, fusion of the elevated paired shelves and medial edge epithelium (MEE) disappearance to allow mesenchymal convergence (14) . In these processes, the TGF-β3 gene plays a crucial role, and is highly expressed in the epithelial tissue of the medial edge of the palatal shelves. In order to clarify the role of TGF-β3 in the onset of NSCL/P, epidemiological studies have been carried out in a number of countries and various ethnic populations.
Previously, it has been demonstrated that TGF-β3 null transgenic mice exhibited cleft palates with no related craniofacial anomalies (4). To date, certain reports have suggested a correlation between polymorphisms in the TGF-β3 gene and clefts (9, 15) . Saleem et al examined the allelic forms of the TGF-β3 gene according to CA repeats and reported that there is a significant difference in the number of CA repeats between the case and control groups in the Indian subpopulation (9). Guo et al analyzed the association between C641A and G15572-polymorphisms of the TGF-β3 gene and maternal exposures during pregnancy, including maternal smoking and multivitamin use (16) . The authors found that C641A polymorphism does not have an effect in cleft formation as a single locus, although it has an effect when it interacts with maternal passive smoking. Vieira et al investigated the transmission distortion of the TGF-β3 gene in 217 South American children from their mothers. The authors used likelihood ratio test analysis and revealed that patients with a cleft palate were associated with TGF-β3 gene mutations (17) . Coding and non-coding regions of the gene, the latter as a marker, have been analyzed and associated with the condition. Lidral et al demonstrated linkage disequilibrium between CL/P and the TGF-β3 X5.1 variant, which is located at position -24 of intron 4, by a transmission/disequilibrium test (TDT) (12) . The authors also reported a cleft palate risk with the same allele in addition to maternal smoking. Romitti et al examined the TGF-β3 gene CA2, X5.1 and 5-UTR variants and found that alcohol consumption, related to the examined alleles, increased the risk of clefts (15) . Ichikawa et al analyzed TGF-β3 in 112 CL/P cases and 192 controls and found a significant association between intron 1, at position +5321 of the gene, and CL/P patients (18) .
The expression levels of the examined gene products are also important for identifying the roles of the candidate factors. TGF-β3 expression has been found to be impaired in the ectodermal derivatives of non-syndromic cleft patients, suggesting the importance of TGF-β3 action in proper palatogenesis (19) .
Kim et al analyzed the TGF-β3 gene in 28 Korean patients and 41 controls. They detected no mutation in the coding regions but found an SNP in intron 5, at position +104, relative to the exon 5/intron 5 boundary (8). This A➝G variation creates a digestion site for the SfaN1 restriction enzyme. They found that a G allele and GG genotype were risk factors for NSCL/P in Korean patients. The authors also suggested that the newly introduced polymorphic site should be analyzed in different populations to determine the contribution of population heterogeneity to the result.
The results of our case-control study are in agreement with those of Kim et al (8) . In the present study, we analyzed 68 NSCL/P and 114 control cases, all with Turkish ancestry, for the SfaN1 polymorphism. The AA genotype was accepted as a reference and the GG genotype showed a significant difference in the NSCL/P cases compared with the controls. Additionally, when we examined the allelic distribution, the G allele was highly associated with the anomaly. These results revealed that this region of the gene may be a good screening marker for NSCL/P. The molecular effect of this variation is unknown and is a subject for further study. As this polymorphism lies near to the exon 5/intron 5 boundary, it may have an effect on splicing processes. Alternatively, this variation may be linked with another gene that is involved in the pathology of NSCL/P. This is the first study of Turkish cases of NSCL/P and the SfaN1 site of the TGF-β3 gene intron 5 region. The major limitation of this study was the low numbers of case and control subjects. The results from this study are inadequate for us to make an informative comment on the examined region and the role of that region in the onset of NSCL/P in the Turkish population. In order to make a precise conclusion concerning the condition and the TGF-β3 gene intron 5 region, a metaanalysis of the SNP between case and controls in the Turkish population, and in different populations, must be performed. In addition, the examination of whole genes and the determination of the allelic types according to CA repeats in case-parent triads is likely to be the focus of our further studies.
